A new alkaloid has been isolated from the leaves o f Catharanthus roseus. Spectroscopic and degradative studies have established its structure to be 16-epi-19-S-vindolinine.
In trod u ction
While much work have been done on Catharan thus roseus (Apocynaceae) resulting in the isolation of about 100 alkaloids, there is persistent interest in the plant and new alkaloids continue to be reported. In continuation of our isolation and synthetic studies on the alkaloids of Catharanthus roseus [1 -15] , we have isolated a new alkaloid from the leaves of this plant by a combination of selective extraction, pre cipitation and crystallization and carried out spec troscopic and degradative studies on it to determ ine its structure.
R esu lts and D iscu ssion
The air-dried leaves of Catharanthus roseus were finely crushed with an ultra-turrax in ethanol. The crushed material was filtered and washed with ethanol. The ethanolic filtrates were combined and evaporated under vacuum to a gum. The gum was acidified with 5% HC1 and washed with chloroform. The ice cold solution was then basified with ammonia solution and extracted with chloroform. The chloroform extracts were dried over anhydrous sodium sulphate and concentrated to afford the crude alkaloidal gum.
The alkaloids were dissolved in chloroform and extracted with pH 3 phosphate buffer. The chloroform layer was dried over anhydrous N a2S 0 4, filtered and concentrated under vacuum to afford the residual alkaloidal mixture. This was dissolved in chloroform and then hexane added which caused selective precipitation of some alkaloids. The pre cipitates were filtered off and the filtrate was again concentrated to a gum. The gum was dissolved in ethyl acetate and extracted with pH 2 phosphate buf fer. The aqueous layer was separated, extracted with chloroform and the organic layer concentrated to a gum to afford a fraction (F^. The aqueos acidic layer was basified with ammonia solution to pH -10 and extracted with chloroform. The chloroform layer was dried and concentrated to a gum to afford another fraction (F2).
The addition of acetone to fraction (F^ resulted in the crystallization of a substance which afforded a positive test for an alkaloid with D ragendorff's rea gent and which was recrystallized from ethanol as a colourless crystalline solid, m .p. 200 °C. In order to establish the structure of this alkaloid, its spec tral data were recorded. The UV spectrum in m ethanol showed the presence of a dihydroindole chrom ophore with absorptions at Amax 212, 246 and 303 nm. The IR spectrum showed the presence of an ester carbonyl with an absorption at 1730 cm-1.
The substance afforded a mass spectrum which was very similar to that reported for vindolinine [16] a m ajor alkaloid isolated from Catharanthus roseus and to 19-epi-vindolinine isolated by Potier and co w orkers [17] from Melodinus balansae. A high resol ution mass m easurem ent on the molecular ion af forded the exact mass to be m /z 336.1837 in agree m ent with the form ula C21H 24N20 2 (calcd 336.1837).
The 13C N M R spectrum of the alkaloid (broad band and off-resonance) showed interesting sim ilarities to the 13C NM R spectra reported for 19-Rvindolinine [18] , 19-S-vindolinine [18] and 16-epi-19-R-vindolinine [18] (Table I ). The ester carbonyl carbon resonated at d 173.41 whereas the methyl of the ester group resonated at d 52.6 (quartet). The In order to confirm the structure, the new alkaloid was subjected to an oxidative cleavage reaction [19, 20] , with iodine/TH F/H 20 /N a 2C 0 3 when it was found to be smoothly converted to the iodo-compound (1). The UV showed an anilinoacrylate chromophore at i max 228, 298, 330 nm. The IR spectrum showed ab sorptions at 1680 cm-1 consistent with the presence of an a, /3-unsaturated ester carbonyl group. The mass spectrum afforded the molecular ion peak at m /z = 462 while the base peak appeared at 335. The N M R spectrum in (CDC13) showed a doublet for the methyl group at d 1.63 and a quartet at d 3.92 due to the C-19 proton. These spectral data were consistent with the structure 1 of the iodo-compound. On hydrogenolysis with Raney Ni at 30 °C for 2 h, the iodo com pound was found to be transformed to (-)-v in - cadifformine (2) . W hen the same hydrogenolysis ex perim ent was repeated at 0 °C for 5mts., quantitative conversion to tabersonine (3) was observed (Scheme 1). The identity of the synthetic hy drogenolysis products was established by direct chrom atographic and spectroscopic comparisons with authentic samples of tabersonine and vincadifformine.
Schem e 1. The above spectroscopic data were identical with those for 9, a product previously reported to be form ed from 19-iodo-tabersonine on heating with sodium acetate in DM F [21] . In order to confirm the structure of the oxidation product, 16-epi-19-S-vindolinine was oxidized with iodine under conditions previously reported for the oxidation of its diastereoisom er [20] . This afforded the corresponding 19-iodo-tabersonine in quantitative yields. T reat m ent of the latter with sodium acetate in hot DM F The above sequence of experiments conclusively established that the new alkaloid has the same stereochem istry at C-7, C-20 and C-21 as vindolinine. Furtherm ore, since it can be converted to ( -)-vincadifformine, [a]D = -542° (E tO H ), it must have the same absolute configuration at C-7, C-20 and C-21, as ( -)-vincadifformine and hence belong to the same enantiom eric series. As the proton NM R had indicated a 19-S-configuration and as the al kaloid differed in its H and C-13 NM R from the three known diastereoisomers of vindolinine (19-Rvindolinine, 19-S-vindolinine, 16-epi-19-R-vindolinine), it is assigned to be 16-epi-19-S-vindolinine (4).
16-epi-19-S-Vindolinine (4) when refluxed in ben zene for 3 h in the presence of an equim olar amount of lead tetra-acetate, under nitrogen was found to be smoothly transform ed to two faster moving products. The m ajor product form ed in 70% yield afforded a norm al indolic UV spectrum. The IR spectrum (KBr) showed bands at 1655 cm " 1 and 1730 cm -1, which are assigned to Nb-C H O and ester carbonyl groups respectively. The mass spectrum showed M^ at 352.1783 (calcd for C21H 24N2O 3, 352.1786) and other m ajor peaks were present at 320, 293, 214, 169 and A direct spectroscopic and chrom ato graphic comparison of the product form ed by lead tetra-acetate oxidation with that prepared from 19-iodo-tabersonine unambiguously established its structure. A plausible mechanism for the form ation of 9 is presented (Scheme 2). The com pound 4 reacts with lead tetra-acetate by the form ation of N a nitrogen-Pb bond to afford 5. Intram olecular rearrangem ent can then result in the form ation of the indolenine (6) with cleavage of the C2-C 19 bond. The interm ediate (6) rearranges to the immonium species (7) with the participation of Nb nitrogen lone pair. The im monium species is then attacked by the acetate ion at C-21 and a thus converted to the species 8. Subse quent attack of another acetate ion on to the car bonyl carbon of the bonded acetate is accompanied by the fragm entation of the piperidine moiety and the departure of the tertiary acetate function to af ford 9 bearing a N -CHO grouping (Scheme 2).
The facile form ation of 9 from 4 is biogenetically interesting particularly in view of the occurrence of the binary indole alkaloids such as Catharine (12) [22] 12 Scheme 3. in which one of the moieties bears a distinct resem blance to 9. This raises the interesting possibility that the indole moiety of Catharine may arise in nature by a parallel process occurring in a binary precursor al kaloid such as 10 (Scheme 3).
Experim ental

Isolation o f 16-epi-19-S-vindolinine
A ir dried leaves of Catharanthus roseus (16 kg) were finely crushed with an ultra-turrax in ethanol (32 1). The crushed material was filtered and washed thoroughly with ethanol (7 1). The ethanolic filtrates were combined and evaporated under vacuum to a gum. The gum was acidified with 5% HC1 (4 1) and washed with chloroform (3 1). The ice-cold solution was then basified (700 ml, 33% N H 3 solution), and extracted with chloroform (4 1). The chloroform ex tracts were dried over anhydrous sodium sulphate and concentrated to the crude alkaloidal gum (100 g).
The alkaloids (100 g) were dissolved in chloroform (300 ml) and extracted with pH-3 phosphate buffer (11) . The chloroform layer was dried over anhydrous Na2S 0 4, filtered and concentrated under vacuum to afford the alkaloidal mixture (50 g). This was dissolv ed in chloroform (200 ml) and hexane (400 ml) was added which caused selective precipitation of some alkaloids. The precipitates were filtered off and the filtrate was again concentrated to a gum (30 g). The gum was dissolved in ethyl acetate (200 ml) and ex tracted with pH 2 phosphate buffer (11) and concen trated to a gum (12. 
Cleavage o f 16-epi-19-S-vindolinine (4) to 19-iodo-tabersonine (1)
The alkaloid (4), (20 mg, 0.59 mmole) was dissolv ed in T H F (20 ml) and 10% Na2C 0 3 solution (5 ml) was added. A solution of iodine (175 mg, 1.09 mm ole) dissolved in TH F (20 ml) was added dropwise at room tem perature with constant stirring. The solution was stirred for one hour, diluted with w ater and extracted with chloroform. The chloroform layer was successively washed with 10% N a2S20 3 solution, dried over anhydrous sodium sul phate and concentrated under vacuum to afford a gummy mass. T.l.c. (80% hexane, 20% E tO A c) showed the form ation of a faster running product and some unreacted starting material. This was purified by flash chrom atography through a small silica colum n. Elution with 5% ethyl acetate in pet.eth er, afforded the pure compound 1 (70% yield). The com pound 1 (20 mg, 0.043 mmole) was dis solved in M eO H (2 ml) and added to a suspension of Raney Nickel (30 mg) saturated with hydrogen in M eO H (5 ml) containing N aO H (10 mg). The solu tion was stirred for 2 1/2 h at 30 °C, filtered, concen trated and fractionated between chloroform (10 ml) and w ater (10 ml). The chloroform layer was sepa rated, dried over anhydrous Na2S 0 4 and concen trated to afford a gum which on t.l.c. showed com plete conversion to a slower moving substance. The substance was purified by preparative t.l.c. to afford pure vincadifformine 2 (13 mg, 86% ), m .p. 
Reduction o f l 9-iodo-tabersonine (1) to tabersonine (3)
To 30 mg of a Raney Nickel suspension in M eOH (5 ml) saturated with hydrogen was added the com pound 1 (20 mg 0.043 mmole) dissolved in 2 ml of M eO H containing N aO H (10 mg). The solution was stirred for 5 min at 0 °C, filtered, concentrated and fractionated between chloroform and water. The chloroform layer was separated, dried (anhydrous Na2S 0 4) and concentrated to afford a gummy pro duct, which on t.l.c. showed complete conversion to a slower moving material. The substance was purified by preparative, t.l. 
Oxidative fragmentation o f 16-epi-19-S-vindolinine (4) to (9)
Lead tetraacetate (0.04 g, 0.09 mmole) was added to a solution of 16-epi-19-S-vindolinine (0.1 g, 0.29 mmole) in benzene (40 ml). The reaction mix ture was refluxed for 3 h under a nitrogen atm o sphere with constant stirring. The benzene was evaporated under vacuum and the reaction product was fractionated between ethyl acetate (30 ml) and water (30 ml). The ethyl acetate layer was separated, dried over N a2S 0 4 and concentrated under vacuum to a gummy mass. T.l.c. in chloroform showed the formation of two faster moving spots. The m ajor product was purified by passing through a small silica (70-230 mesh) flash chrom atography column. The column was eluted with increasingly polar mixtures of p et.ether and chloroform. The fraction obtained on elution with 40% chloroform -60% pet.ether (100 ml) contained the desired product (9), which was crystallised from ether as a white solid (70 mg, 70% yield) m. (300 MHz). We are also deeply grateful to Professor P. Potier for providing authentic samples of vindolinine, 19-epi-vindolinine and spectra of com pound 9 and to Prof. E. W enkert for helpful discus sions. We are indebted to the Pakistan Science Foundation for financial support.
